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The southern coastal area of Laizhou Bay is subjected to severe soil salinization due to saline groundwater. The degree 
of spatial variability is strongly affected by seasonal changes during an annual cycle. In this paper, the spatio-temporal 
variability of soil salinity in Laizhou Bay, China, was examined to ascertain the current situation of soil salinization in  
the study area and to reveal the characteristics of seasonal variation of soil salinity. The classical statistical methods  
and geostatistical methods were applied to soil salinity data collected from four soil layers, i.e., 0-30, 30-60, 60-90, and  
0-100 cm, during summer and autumn in 2014. The results indicated that the variation of soil salinity of all the soil layers in 
summer and autumn was moderate. The soil salinity in the 0-30 cm layer showed a moderate spatial autocorrelation, 
whereas the spatial autocorrelations of soil salinity in other layers were strong. The overall spatial distribution of soil salinity 
showed a clear banding distribution and the degree of salinization in the eastern area was lower than that in the western and 
northern regions.A high ratio of evaporation/precipitation is one of the important reasons for the soil salinity in July is 
significantly higher than that in November. The rank of soil salinity under different land-use types was: salt pan > orchard > 
weeds > soybean > woods > cotton > maize > ginger > sweet potato. The research findings can provide theoretical guidance 
for accurate assessment and soil partition management of regional soil salinization. 
[Keywords: Dry and wet seasons; Geostatistics; Laizhou Bay; Soil salinity; Spatial variability] 
Introduction 
Soil salinization is one of the keylimiting factors 
foragriculture production and sustainable development 
across the world
1,2
. It influences crop growth, soil 
quality, microorganisms and ultimately result in soil 
erosion and desertification
3-6
. In recent years, with the 
development of precision agriculture, studies regarding 
the spatio-temporal variability of soil salinization in 
coastal areas have become one of the key focuses of 
soil science research. At present, the main research 
regions in China include Liaodong Bay
7
, Tianjin 
coastal region
8
, Yellow River Delta
9
, Laizhou Bay
10
, 
and surrounding areas of the Yangtze River Delta
11
. 
Combination of geostatistics and GIS has been proved 
to be an effective method to study spatial variation of 
soil attributes and to quantify the variations of another 
farmland features
12-15
. Geostatistics derives from 
multivariate statistics and provides a theoretical 
framework for interpolation of spatial data and 
uncertainty analysis
16
. By using original data and the 
structure of semi-variance function, the kriging method 
can be applied to implement interpolation for 
unsampled sites using an unbiased optimal estimation 
of the regionalized variables
17
. Since the middle of 
1980s, geostatistics and the kriging method have been 
gradually introduced into research on the spatial 
variation of soil salinity, promoting the development of 
the discipline
18-20
. 
Currently, the studies pertaining to spatio-temporal 
variation of soil salinity in coastal regions mainly 
focused on field scale
21
, which cannot ascertain the 
dynamic changes of soil salinity at the regional scale. 
The large-scale studies that have been carried out 
predominately focused on topsoil and the monitoring 
relies on remote sensing (RS) technology
22-25
. 
However, most remote sensors can only record the 
soil salinity in surface layers
26-28
and are unable to 
respond to the salinity variation in the crop roots layer 
thathas a significant influence on crop development and 
yield. Li and Shi
29 
stated that the saline groundwater 
within the depth of 3m can rise up to the soil surface by 
capillary movement and accumulating salts in the 
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surface soil, leading to significant vertical salinity 
variations. Therefore, it is necessary to analyze the soil 
salinity in deeper layers to ascertain the characteristics of 
spatio-temporal variations in soil salinity. 
The southern coast of Laizhou Bay, China, located 
near the shore of Bohai Sea, underwent three large 
transgressions in history and high-salinity brine exists 
in the underground phreatic stratum
30,31
. In recent 
decades, excessive underground brine pumping for 
solar salt has led to the formation of underground 
depression cones, introducing large-scale seawater 
intrusion, and as a result, soil salinization has become 
a serious problem in thearea
10
. The spatial variability 
of salinity is one of the major natural attributes of 
saline soil, and the degrees of spatial variation are 
strongly influenced by seasonal changes during one 
annual cycle. Between the wet season with 
concentrated precipitation and the dry season with 
infrequent rainfall, great differences are observed in the 
salt content and the distribution of salinity in the soil 
profile. Therefore, monitoring and analyzing the spatio-
temporal distribution and variability of soil salinization 
subsequently reveal the laws that govern the spatio-
temporal variation, are of great importance for the 
treatment of saline soil and promoting agricultural 
production as well as regional sustainable development. 
The aim of this study is to: a) ascertain the spatio-
temporal variability of soil salinity in various layers 
during dryand wet seasons; b) analyze the environmental 
factors affecting soil salinity; and c) to study influence of 
land-use types on salinity distribution. 
 
Materials and Methods 
 
Study area 
The study area is located in the northern 
coastal plain of Weifang, and the area extends from 
Xiaoqing River in the west, to Jiaolai River in the east 
(Fig. 1). The study area is a piedmont clinoplain with 
an altitude below 20 m and covers about 3056 km
2
. 
This region belongs to warm temperate and monsoon 
climate zone and has the characteristics of both 
marine and continental climates. The average 
precipitation is about 600 mm, of which 
approximately 60% occurs during summer, and the 
proportion of precipitation during winter and spring  
is relatively low. The average evaporation is about 
1900 mm, which is more than three times the annual 
precipitation. Cotton is the main crop in the northern 
region, and the crops in the southern region are mainly 
wheat, corn, soybean, and sorghum. The predominant 
soil type is salinized flavor-aquic soil. Because this 
area has historically suffered from high-salinity 
underground water, a large amount of soluble salts has 
accumulated in the soil, and consequently high soluble 
salt content has become the major factor restricting 
local agricultural production and development
32
.  
With the application of hydraulic engineering 
structures for retaining and recharging in recent 
decades, most of the atmospheric precipitation and 
surface runoff enters into the groundwater system. 
The local government transfers water from reservoirs 
for irrigation in every April. However, the fields near 
the coast of Laizhou Bay are far away from reservoirs, 
thus could not obtain enough fresh water for irrigation. 
Moreover, a small quantity of precipitation is not 
sufficient for salt leaching. As a result, the dynamic 
process of ―desalination-salification‖ is generated in 
the soil in the study area. 
 
Soil sampling 
To accurately reflect the actual situation of the 
study area, based on the situation of the local 
agriculture, most of the sampling sites were set in 
farmlands, and other sites were in the salt wasteland, 
forest land or grassland (Table 1). The ArcGIS 9.3 
software was used to vectorize the administrative map 
of Weifang City, and the built-in function "fishnet" 
was applied to lay out the sampling sites at an interval 
of 6 km (Fig. 1). The samples were collected during 
early July 2014 (summer) and late November 2014 
(autumn). Soil samples were collected according to 
the five-points sampling method at each site, i.e.,  
four soil samples were taken from the four corners of 
1 × 1 m square and one sample was collected from the 
 
 
Fig. 1 —Geographical location of the study area and soil  
sampling sites 
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centre of respective square. Five soil samples form a 
composite sample. The sampling layers at each site 
were 0-30, 30-60 and 60-90 cm. The total number of 
soil samples was 246 in summer and 228 in autumn, 
respectively. Finally, one-half of the soil samples 
from3 layers at each site were mixed to form the 
sample for the 0-100 cm layer. 
 
Soil analysis 
All collected samples were sealed and labeled on 
site. The samples were air-dried naturally indoor and 
then triturated with a wooden stick. Subsequently, all 
soil samples were passed through a 2 mm sieve prior 
to lab analyses. Soil salinity was determined using 
EC1:5 (electrical conductivity of 1:5 soil/water paste 
extract). The soil salinity of each soil sample was 
measured according to the procedure given by U.S. 
Salinity Laboratory Staff
33
. 
 
Data processing and analysis 
The Origin Pro 9.0 was used to summarize and 
analyze all the soil attributes data. One-way ANOVA 
method was applied to analyze whether the soil 
salinity was significantly different between samples 
collected in different layers, during different periods, 
and under different land-use types. The GS
+
9.0 was 
applied to perform the geostatistical analysis of soil 
salinity data and select the optimal fitting model of 
the spatial distribution of soil salinity. The ordinary 
kriging method and the geostatistical analysis module 
built-in the Arc GIS 9.3 were implemented to 
generate the spatial distribution maps and partition 
maps of soil salinity in different layers during wet and 
dry seasons. 
 
Validation 
In order to evaluate the accuracy of the predictive 
model, this study randomly selected soil conductivity 
data from each layer from 15 sampling sites,  
for a total of 120 samples in dry and wet seasons.  
The mean error (ME), root mean squared error 
(RMSE), and coefficients of determination (R
2
)  
were used to compare the predicted and observed 
values at each site
34,35
.The equations of the three 
criteria were as follows: 
mean error: 
𝑀𝐸 =
1
𝑛
  𝑍  𝑠𝑖 − 𝑍 𝑠𝑖  
𝑛
𝑖=1  … (1) 
root-mean-square-error: 
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1
𝑛
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 … (3) 
where ˆ ( )iZ s denoted predicted values, ( )iZ s  denoted 
observed values, ˆ ( )i aveZ s and ( )i aveZ s  denote the average 
of predicted values and observed values, respectively, 
and n denotes the sample size. The optimal predictive 
model should have an R
2
of approximately1, ME close to 
0, and RMSE as small as possible. 
 
Results 
 
Descriptive statistical analyses of total salt content in the soil 
The classical statistical analysis was implemented 
on the soil salinity of layers 0-30, 30-60, 60-90, and 
0-100 cm, and the results are shown in Table 2. In 
order to avoid the scale effect, data applied in the 
calculation of the semi-variance function should 
conform to the normal distribution
36
. The normality 
test of data (p< 0.05, 2-tailed) using single sample  
K-S (Kolmogorov–Smirnov)method showed that the 
soil salinity in all the layers did not coincide with the 
normal distribution. The logarithmic transformation of 
the data was performed and obtained an approximately 
normal distribution. Thus, the calculation of the  
semi-variance function was conducted with the data 
after the logarithmic transformation. 
As shown in Table 2, evident differences were 
observed in the characteristic parameters of soil salinity 
among different soil layers during the same period. 
Additionally, the characteristic parameters of the soil 
salinity of the same soil layer during different periods 
also showed a remarkable variation. According to the 
amplitude of variation of soil salinity in different layers, 
the maximum value of soil salinity was observed in the 
Table 1 — Statistical table of sampling quantity of each land use type 
 
Types of land use (n) 
Time Soybean Ginger Sweet potato Orchard Woods Cotton Salt pan Maize Weeds Total 
July 6 4 5 4 11 14 11 22 5 82 
November 6 4 5 4 11 12 7 22 5 76 
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60-90 cm layer in summer and was 22.7 times higher 
than its minimum value, with a difference of 
53.27dS·m
−1
 between the two values. In addition, 
except the 0-30 cm layer, the amplitudes of variation of 
soil salinity in other layers were all greater than 15 
times during summer. During autumn, the amplitudes 
of variation of total salt content in the 60- 
90 cm layer were 20.4 times, while the amplitudes of 
variation of other layers were around 10 times. The 
minimum soil salinity of each soil layer during the two 
periods was basically consistent and the variation was 
not obvious. However, the maximum values of each 
layer during summer are apparently higher than that of 
the corresponding layers during autumn. This is 
probably because the southern coastal area of Laizhou 
Bay is characterized by relatively low rainfall and high 
evaporation capacity, and the soil sampling was carried 
out during July, which is not yet the rainy season in the 
area. Therefore, the evaporation of soil water is high 
and hence higher salt accumulation in the soil. On the 
contrary, the soil salinity was influenced to a certain 
degree by a small-scale rainfall occurred before the 
sampling in November. 
As seen in Table 2, that the variation range of the 
mean soil salinity of each layer falls in the range of 
5.39dS·m
−1
 to 8.30dS·m
−1
. This indicated that the 
high soil salinity is a major factor restricting the local 
agricultural production. Furthermore, no apparent 
variation was observed between the mean soil salinity 
data of different layers during summer and autumn, 
which indicated a small vertical variation of the 
average soil salinity between different layers. The 
above results showed that the salinization during both 
periods have a homogeneous pattern along the depth, 
and the tendency of surface accumulation and bottom 
accumulation was unobvious. 
Table 2 shows that the coefficients of variation of 
soil salinity in the soil layers were relatively high, 
which was consistent with research in other coastal 
regions
20,37,38
. The coefficient of variation of soil 
salinity ranged from 56.64% to 99.43%, which fell 
within the range of 0.1 to 1.0 and belonged to moderate 
variation
39
.The coefficients of variation of 0-30 cm soil 
layer in summer and autumn were smaller than those  
of other layers in the same period and constantly 
increased with depth, which indicated that the 
horizontal variation of soil salinity increased along 
with the depth. This can be ascribed to the variation of 
local micro-geomorphology, different land-use types, 
and the management measures in the study area. 
 
Validation of soil salinity 
Figure 2 shows the relationship between the 
observed and verified values of soil conductivity from 
each soil layer, and Table 3 shows a summary of 
cross-validated results. As shown in Figure 2, the 
R
2
range of predicted and measured soil conductivity 
from each layer was within 0.889-0.955. 
Table 3 shows that the ME range was within  
0.210-0.442, and the RMSE range was within  
0.282-0.473. Validated results showed that R
2
 was 
approximately 1, ME was close to 0, and the  
RMSE was small, which indicated that the accuracy 
of the predictive model was relatively high and had 
strong explanatory value when simulating the 
distribution of soil conductivity in the vertical profiles. 
Given these results, the geo statistical method could 
be adopted to predict the spatial distribution 
characteristics of soil salinity. 
 
Analyses of spatial variability of soil salinity 
The kriging method of geo statistics was used to 
analyze the spatial variation of soil salinity in 
different soil layers during summer and autumn. The 
semi-variance model performance was examined by 
the determination coefficient (R
2
) and the residual 
sum of squares (RSS). The model with the R
2
 close  
to 1 and the lowest RSS value was selected as the 
optimal fitting model. The fitting parameters of the 
Table 2 — Summary statistics of soil salinity in summer and autumn 
Sampling time Soil layers(cm) Min(dS·m-1) Max(dS·m-1) Mean(dS·m-1) SD CV(%) Cs Ck K-Sp 
Summer 0~30 2.47 19.50 5.96 3.38 56.64 2.22 5.30 0.15 
30~60 2.68 53.61 7.02 6.98 99.43 4.54 5.97 0.23 
60~90 2.45 55.72 8.30 7.74 93.17 3.63 4.87 0.23 
0~100 2.69 41.76 7.10 5.59 78.77 3.93 6.79 0.07 
Autumn 0~30 2.13 19.33 5.39 3.31 61.40 2.13 3.88 0.13 
30~60 2.20 27.12 5.87 4.29 73.11 2.60 4.42 0.16 
60~90 2.26 46.13 7.10 6.75 95.05 3.48 5.79 0.14 
0~100 2.34 23.92 6.20 4.58 73.89 2.33 5.44 0.09 
‗Min‘ is the minimum, Maxis the maximum, ‗SD‘ is the standard deviation, ‗CV‘ is the coefficient of variation, ‗Cs‘ is theSkewness,  
‗Ck‘ is theKurtosis, ‗K-S‘ p is the significance (two-tailed) ofone-sample Kolmogorov–Smirnov test. 
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semi-variance theoretical models of soil salinity in 
different layers were listed in Table 4. 
Table 4 shows that the spatial distribution of soil 
salinity in the 0-30 cm layer during summer and 
autumn could be best described by the spherical 
model, and that of other layers were best fitted by the 
exponential model. This indicated a consistent spatial 
distribution of soil salinity of each soil layer during 
the two periods. According to the grading standard of 
the spatial correlation of the regionalized variable
40
, 
the spatial autocorrelation is strong if the Co/C ratio is 
lower than 25%, moderate with the Co/C ratio 
between 25% and 75%,and weak when the Co/C ratio 
is higher than 75%. As given in Table 4, the Co/C 
ratio of soil salinity in the 0-30 cm layer in summer 
and autumn were 36.36% and 45.00%, respectively. 
These values fell into the range of moderate spatial 
autocorrelation and indicated that the spatial 
distribution of soil salinity was jointly and almost 
equivalently affected by both natural factors (e.g., 
climate, parent material, and micro-geomorphology) 
and human factors (e.g., land-use, tillage measure, 
and irrigation)
41
. The Co/C ratios of soil salinity in the 
30-60 cm and 60-90 cm layers during summer and 
autumn were all less than 25%, indicating strong 
spatial autocorrelation and the spatial distribution of 
soil salinity in the layer beneath the tilth soil was 
mainly affected by natural factors. In the whole soil 
profile (0-100 cm), the Co/C ratios of soil salinity 
during both summer and autumn were 28.00%and 
27.86%, which indicated a moderate spatial 
autocorrelation. This proved that the spatial 
distribution of the salinity of the whole soil profile 
was jointly affected by both natural and human 
 
 
Fig. 2 — Scatter plots of observed and validated values 
 
Table 3— Cross-validated results of soil conductivity  
at each layer 
Time Items N R2 ME RMSE 
Summer ECe(0-30cm) (dS m
-1) 15 0.942 0.363 0.412 
ECe(30-60cm) (dS m
-1) 15 0.954 0.254 0.282 
ECe(60-90cm) (dS m
-1) 15 0.947 0.306 0.337 
ECe(0-100cm) (dS m
-1) 15 0.904 0.371 0.394 
Autumn ECe(0-30cm) (dS m
-1) 15 0.955 0.210 0.248 
ECe(30-60cm) (dS m
-1) 15 0.889 0.442 0.473 
ECe(60-90cm) (dS m
-1) 15 0.928 0.309 0.342 
ECe(0-100cm) (dS m
-1) 15 0.936 0.293 0.319 
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factors. By comparing the results of the two periods, it 
can be concluded that the 0-30 cm layer is tilth soil, 
which was frequently affected by human activities. A 
decrease inhuman impacts was observed in the lower 
layers. Thus, the spatial distribution characteristics of 
the soil salinity were consistent with the actual 
situation. Additionally, as also given in Table 4, the 
model performances were quite satisfactory for all 
soil layers, since the determination coefficients of the 
fitted models for the spatial distribution of soil 
salinity were significant at the level of p < 0.05 and 
the RSS values were relatively low. The obtained 
semi-variogram parameters in Table 4were then used 
in the ordinary kriging to generate the spatial 
distribution of soil salinity. 
 
Spatial distribution of soil salinity 
The kriging method was employed to analyze the 
spatial distribution of soil salinity. Figures 3 and 4 
show the spatial distribution of soil salinity of 0-30, 
30-60, 60-90, and 0-100 cm soil layers during 
summer and autumn in the study area.  
As presented in Figure 3, an obvious difference 
was observed in the spatial distribution of soil salinity 
between each layer during summer. Yet, an overall 
banding distribution was presented in the study area. 
The soil salinity gradually decreased along the 
direction of the ocean to the continent, and the soil 
salinity in the eastern area was evidently lower than 
that of the western and northern areas. The 
aggravation of soil salinity in the northern area was 
probably due to the long-term seawater intrusion and 
high level of groundwater in the area, and the 
underground salinity rises to the surface through 
capillary action. Soil salinity in the eastern area was 
lower on account of the fresh groundwater supply 
from Jiaolai River. 
According to the spatial distribution of the soil 
salinity in each layer during summer (Fig. 3), the 
variation of the soil salinity in 0-30 cm layer was 
relatively large, which possibly arose from the 
disturbance of human activities in the tilth soil layer 
(e.g., fertilization and other management measures) 
during the growing season of crops. Except for the  
0-30 cm layer, the spatial distributions of soil salinity 
of other layers were similar. 
Figure 4 shows a similar and regular spatial 
distribution of the soil salinity in all the layers during 
autumn. The slight variation of soil salinity in autumn 
was probably because human activities generally 
ceased in the field during this period and the 
migration of soil salinity mainly depended on natural 
factors. The soil salinity decreased along the direction 
of the ocean to the continent, which was consistent 
with that in summer. However, the soil salinity in the 
eastern area was remarkably higher than that in the 
same region during summer. This is mainly because 
the Jiaolai River is a seasonal stream. Concretely, the 
river is recharged by precipitation and the volume of 
runoff is large in summer, which could restrain the 
salinization effectively; whereas the atmospheric 
precipitation basically terminates in autumn and soil 
salinity in groundwater gradually rises to the surface 
through soil capillarity, and consequently salinization 
aggravates in the soil. 
 
Discussion 
 
Effect of precipitation and evaporation on soil salinity 
Climate change, especially the changes of 
precipitation and evaporation, is an important driving 
factor for soil salt migration in coastal areas
42,43
. 
Under  natural  conditions,  salts  in  the soil rises with 
evaporation and results in salt accumulation in the 
upper layers of soil. The effect of soil salt 
accumulation is stronger under high evaporation 
process, the salt in the soil dissolve in water and  
move downward as  the rain  water permeates into the 
Table 4 — Parameters of semi-variance theoretical models of soil salinity 
time Soil layers (cm) Model Co(dS2/m2) C(dS2/m2) Co/C(%) Ao(m) R2 RSS 
Summer 0~30 Spherical 0.08 0.22 36.36 17010 0.77 0.005 
30~60 Exponential 0.04 0.21 19.04 11640 0.82 0.003 
60~90 Exponential 0.13 0.59 22.03 15627 0.78 0.002 
0~100 Exponential 0.07 0.25 28.00 17640 0.73 0.001 
Autumn 0~30 Spherical 0.18 0.40 45.00 18213 0.82 0.009 
30~60 Exponential 0.11 0.46 23.91 56730 0.76 0.002 
60~90 Exponential 0.13 0.53 24.52 36930 0.88 0.003 
0~100 Exponential 0.17 0.61 27.86 48990 0.78 0.002 
Co is the nugget variance, C is the sill value, Co/C is the nugget-to-sill ratio, ‗Ao‘ is the lag size,‗R2‘ is the coefficient of determination 
and RSS is the residual sum of squares. 
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Fig. 3 — Spatial distribution of soil salinity in each layer during summer 
 
 
 
Fig. 4 — Spatial distribution of soil salinity in each layer during autumn 
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soil and moves down. Meanwhile, the rainwater 
infiltration recharges groundwater and causes a high 
groundwater level. The shallow groundwater level 
may lift above the evaporation critical surface thus 
lead to obvious salt accumulation in the sub-surface 
layers of soil in dry seasons
44
. 
In this paper, the sampling time of the present 
research was in July and November 2014, and the 
weather was sunny. As shown in Figure 5, precipitation 
and evaporation in July were much higher than that in 
November. Although July was the local rainy season, 
the soil salt content in July was significantly higher 
than that in November. This was because the local 
weather was sunny one week before the sampling time 
and had a large quantity of evaporation, the average 
ratio of evaporation/precipitation was about three  
times of that in November. A high ratio of 
evaporation/precipitation causes rising of salt from  
the bottom of the soil up to the root layer. Therefore, 
the soil salinity in the moist season (July) was higher 
than that in the dry season (November). 
However, climate change is a slow and long-term 
process, as well as its impact on soil salinity. 
Therefore, the research on the influence of the ratio of 
evaporation/precipitation on soil salinity needs further 
processing and analysis of the relevant data, so as to 
obtain more accurate results. 
 
Soil salinity variation under different land-use types 
Numerous studies have shown that different land-
use types can influence the trends and extents of 
changes of soil environment
45,46
. Different land-use 
types may result in obvious changes of soil attributes 
and physicochemical properties
47
. Figure 6 presents 
that soil salinity under different land-use types varied 
 
 
Fig. 5 — Average monthly precipitation and evaporation of study 
area in 2014 
 
 
Fig. 6 — Multiple comparisons of soil salinity content in different land use types 
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significantly with soil depth and sampling time. The 
soil salinity values under different land-use types in 
summer were higher than that in autumn in all soil 
layers. Moreover, the soil salinity clearly increased 
with depth. In the 0-30 cm layer, the soil salinity of 
three land-use types was relatively high, i.e., salt pan, 
orchard, and weeds, whereas those of other types 
were basically similar. In the 30-60 cm layer, soil 
salinity under the types of salt pan and orchard were 
relatively high, while thatof the ginger field was lower. 
Similarly, the soil salinity of salt pan and orchard 
land-use types were substantially higher than those of 
other types in the layers of 60-90 cm and 0-100 cm. 
Above all, the ranking of soil salinity under different 
land-use types can be concluded as salt pan > orchard > 
weeds > soybean > woods > cotton > maize > ginger > 
sweet potato, which basically coincided with the salt 
tolerance of crops
48,49
. 
 
Conclusion 
Soil salinization is a major limiting factor on 
agricultural production and development in the 
southern coastal area of Laizhou Bay, China. In this 
paper, the spatio-temporal variation of soil salinity, 
the influence of climate change and the different land-
use types on soil salinity in the study area were 
analyzed through the soil salinity data collected from 
four layers (0-30, 30-60, 60-90, and 0-100 cm) during 
summer and autumn in 2014. Besides, the spatial 
distributions of soil salinity during summer and 
autumn were presented. 
The research results showed large variational 
amplitudes of soil salinity in different layers and the 
soil salinity increased with depth. The validation 
result showed that geostatistical method is suitable for 
assessing soil salinity distribution in the study area. 
The spatial distribution of soil salinity in 0-30 cm 
layer during summer and autumn accorded with  
the spherical model and had moderate spatial 
autocorrelation. The spatial distributions of other soil 
layers could be best described by the exponential 
model and the spatial autocorrelations were strong. 
Results of kriging interpolation showed a banding 
spatial distribution of soil salinity and the salinization 
degree gradually decreased from the ocean to the 
continent on account of factors such as seawater 
intrusion. Furthermore, the salinization degree in the 
eastern part of the study area was clearly lower than 
that of the western area due to ground-water recharge 
from the Jiaolai River in the east of the study area. A 
high ratio of evaporation/precipitation is one of the 
important reasons for the soil salinity in July is 
significantly higher than that in November. Different 
land-use types will change the accumulation of 
substances in soil. Soil salinity distribution also has 
obvious accumulation characteristics. Soil salinity 
under different land-use types in each soil layer is 
significantly higher in summer than in autumn, and 
the soil salinity increased as the augment of depth. In 
terms of different land use types, the salinity of soil 
was higher under the following three types: salt pan, 
orchard, and weeds. The ranking of soil salinity under 
different land-use types was as follows: salt pan > 
orchard > weeds > soybean > woods > cotton > 
maize > ginger > sweet potato, which conformed to 
the salt-tolerance capacity of crops. Therefore, 
improving and rationally utilizing mild and moderate 
saline soil is of great importance for increasing 
regional crop yield and promoting the sustainable 
development of local agriculture. 
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